ENEWED interest in cerebrovascular insufficiency has been brought about by a measure of success in the surgical treatment of certain forms of associated arteriosclerosis; however, relationships between cerebral ischenfia and demonstrable arterial pathology have not been elucidated by assessment of the functional status of the circulation with available methods. Cerebral blood flow (CBF) and cerebral metabolic rate for oxygen (CMRO2) so far reported in patients suffering from cerebrovascular insufficiency, utilizing the widely accepted inert-gas technique, have, in general, shown aberrations from normal only when hypotension was present or mentation was reduced. 1,2,s,lI Serial studies, using the Fick principle for determination of cerebral blood flow, carried out during therapeutic carotid ligation, detected a significant decrease in cerebral blood flow only when severe neurological deficit and altered state of consciousness resulted. 9 It is not surprising that the information obtained may be limited in the
ENEWED interest in cerebrovascular insufficiency has been brought about by a measure of success in the surgical treatment of certain forms of associated arteriosclerosis; however, relationships between cerebral ischenfia and demonstrable arterial pathology have not been elucidated by assessment of the functional status of the circulation with available methods. Cerebral blood flow (CBF) and cerebral metabolic rate for oxygen (CMRO2) so far reported in patients suffering from cerebrovascular insufficiency, utilizing the widely accepted inert-gas technique, have, in general, shown aberrations from normal only when hypotension was present or mentation was reduced. 1,2,s,lI Serial studies, using the Fick principle for determination of cerebral blood flow, carried out during therapeutic carotid ligation, detected a significant decrease in cerebral blood flow only when severe neurological deficit and altered state of consciousness resulted. 9 It is not surprising that the information obtained may be limited in the study of certain eerebrovaseular disorders, when one considers that determinations of cerebral blood flow, using the Fiek principle, give results in minute volume per weight unit of vascularized brain tissue. 5 Consequently, if an area of brain is completely devaseularized and the remainder has a normal circulation, the result of the determinations of flow will be normal. On the other hand, determinations of blood flow based on the dilution of an arterially injected indicator give timed volume results irrespective of the mass of tissue perfused2 ,6 In other words, indicator-dilution measurement, giving total flow, is a different parameter of circulation; and, in arteriosclerosis, which so commonly is associated with the dissolution of cerebral substance, this aspect is deserving of investigation.
The present report concerns the measurement of total cerebral blood flow and cerebral metabolic rate for oxygen, utilizing the indicator-dilution method, as applied to patients with cerebral arterial insufficiency.
METHODS AND MATERIALS
There were 10~ determinations of cerebral blood flow performed on 19 patients. Arteriographic evidence of carotid occlusion, or stenosis caused by arteriosclerosis, was present in 16 patients, of which 11 had unilateral and 5 had bilateral involvement of the carotid artery. Of the 13 remaining patients : 1 had an adjustable clamp applied to one internal carotid artery for treatment of an intracranial aneurysm; 1 had no neurologic 96~ deficit fifth)wing an evacuation of an extradural hemaloma; and the remaining patient had recovered completely from an episode of hypertensive encephalopathy. Arteriograms were performed on all I)atients for diagnosis, and the entire inlracranial arterial input was visualized in those with arterios(:lerotic occlusions. Studies were perforn|e(l under local anesthesia without premeditation. Puncture of the femoral artery was used for obtaining arterial 1)lood samples and for continuous recording <)f 1)lood pressure. The jugular bulbs were cannulated either percutaneously, using 18-gauge thin-walled needles, or by catheterizing the jugular bulbs through the expose(] internal jugular veins at operation. Small indwelling plastic catheters were inserted l)erculaneously through an 18-gauge thin-walled needle either directly into the vertebral artery or indirectly into the internal carotid artery by threading the catheter up from the conunon-carotid puncture. Proper positioning of the catheter was assured radiographically after injecting 3 co. of 50 per cent sodium dialrizoate (Hypaque) solution, and this catheter then served for injection of 0.5 to ~2 rag. of indocyanine green. Dye-concentration curves of the jugular bulb werc recorded by withdrawing bh)od at a constant rate through Waters' densitometers. Total cerebral blood flow was calculated fronl the average area of the concentration of dye in curves obtaine(l from the two jugular bulbs. When, for technical reasons, only one jugular curve couhl be obtained, manual pressure was applied to the opposite side of the neck in order to oc('lude the jugular vein, and the single curve was used for calculation of flow. Arterial and venous oxygen contents were ineasured by the speetrophotnmetric method of Hiekam and Frayscr? The values obtained from the two sides were averaged in calculating cerebral metabolic rates for oxygen.
RESULTS
Jugular Distribution of Dye. The jugular distribution of dye injected into one internal carotid artery (11 patients) or one vertebral artery (~ palients) is presented in * The jugular concentration of dye is expressed as the per-cent difference from tile mean concentration. Colmnn ~O--eoneentration of dye (% difference from mean) in jugular bulb ipsilateral to arterial injection. Cohmm 3--concentration of dye (% difference fronl mean) in jugular bulb contralateral to the arterial injcctlon of dye. Column 4--average difference from the mean of each patient without regard for side. 51 of 71 observations (7~ per cent) the (lye appeared in higher concentration in the ipsilateral jugular bulb. However, this was consistently so in only 4 of the 13 patients and the difference of the two sides from the mean was not statistically significant (p>30 per cent). In ~0 observations (~8 per cent) the dye appeared in higher concentration in the eontralateral jugular bulb. Each side differed from the mean an average of 18 per cent.
Normal Values. The results of 1S determinations of total cerebral blood flow in 3 relatively normal patients (those with miscellaneous conditions described under Methods) are tabulated in Table ~ . The cerebral bh)od flow for each patient varied from 570 co. /rain. to 795 cc./min. The average cerebral blood flow of all patients was 708 co./rain.
(SD _+ 95.6).
l~O"ect of C02 and Oxygen on CBF. Twentyeight determinations of cerebral bh)od flow in
